Aims. To determine the influence of bars in the building of galaxy bulges through the analysis of ages and metallicities derived from stellar absorption line-strength indices. Methods. Long-slit spectroscopy was obtained for a sample 20 early-type barred galaxies. Line strength indices were measured and used to derive age and metallicity gradients in the bulge region by comparing with stellar population models. The same analysis was carried out with similar data of unbarred galaxies taken from the literature. Results. The bulges of barred galaxies seem to be more metal rich, at a given velocity dispersion (σ), than the bulges of unbarred galaxies, as measured by some metallicity sensitive indices. There are indications that the ratio of relative abundance of alpha-elements with respect to iron, [E/Fe], derived for the bulges of barred galaxies tend to lie above the values of the unbarred galaxies at a given σ. The metallicity gradients for the majority of the bulges are negative, less metal rich towards the end of the bulge. The gradient values show a large scatter for galaxies with σ below 150 km s −1 . The age distribution is related to the presence of bulge substructure such as a nuclear ring or an inner disk. The metallicity of both the bulge and the bar are very well correlated indicating a close link between the enrichment histories of both components. Conclusions. Bulges of barred early type galaxies might have suffered a different chemical enrichment compared to the bulges of unbarred galaxies of the same morphological type, same central velocity dispersion and low inclination angles. The hinted stellar populations differences separating the bulges of barred and unbarred galaxies and the strong link existing between the metallicity of the bulge and the presence of a bar points to scenarios were they both form simultaneously in processes leading to rapid and massive episodes of star formation, possibly linked to the bar formation. In order to confirm and generalise the results found here, it would be useful to extend the data set to a larger number of unbarred galaxies and a wider range of morphological types
Introduction
If we consider that galaxy bulges of disk galaxies are the excess of light from the exponential disk, excluding the bar (e.g. Freeman 1970; Fisher 2006; Peletier 2008) , we can find two types of bulges. In the standard picture, the two types of bulges are separated between those formed through violent processes ( ′ classical bulges ′ ) and those formed slowly through internal processes (i.e., through secular evolution) (e.g. Simkin et al. 1980; Pfenniger & Friedli 1991; Hopkins et al. 2010) They are expected to have very different structural properties; the bulges formed via secular evolutionary processes are expected to have more disk-like properties while the so called 'classical' bulges are expected to have properties more related to elliptical galaxies (e.g. Fisher & Drory 2008; Gadotti 2009; Fisher & Drory 2010 , for a detail discussion on the properties on both types of bulges, see the review by Kormendy & Kennicutt 2004 and referencies therein) . However, both bulges can coexist and the obSend offprint requests to: I. Pérez ⋆ Based on observations obtained at Siding Spring Observatory (RSAA, ANU, Australia) and the INT telescope at the ING, La palma, Spain served properties sometimes depend on the geometry chosen to derive the bulge properties.
Much work has been done trying to characterise the influence of the disk in the bulge evolution by comparing the stellar populations of bulges and those of elliptical galaxies and, up to date, there is not consensus in the final conclusions. Some authors (e.g. Thomas & Davies 2006; Goudfrooij, Gorgas & Jablonka 1999 ) have concluded that, galaxies with morphological types from E to as late as Sbc, have stellar population properties that are correlated to the central velocity dispersion (σ) and that, at a given σ, bulges and elliptical galaxies cannot be distinguished as far as their stellar populations are concerned, indicating very little influence of the disc in the evolution of the bulge. Recent work by MacArthur, Gonzalez & Courteau (2009) derived the whole star formation histories for the bulges of a sample of eight galaxies, finding that the mass weighted stellar ages of the bulges are old and that, therefore, secular evolution effects only contribute minimally to the total bulge mass.
However, other authors (e.g. Falcón-Barroso et al. 2002; Peletier et al. 2007; Ganda et al. 2007 ) find that the Mg-σ relation for the bulges lies below that found for elliptical galaxies. Proctor & Sansom 2002 go further concluding that the stel-lar population trends greatly differ between early and late type galaxies.
Part of the discrepancy between different studies can be due to the selection of the sample. For example, inclination effects can make the contribution to the integrated spectra of the different galaxy components appear larger or smaller depending on the inclination (see Peletier et al. 2007) . Furthermore, the morphological selection and the range in luminosities chosen might bias the conclusions as kinematical studies indicate that secularly formed bulges are more important in late type spirals and especially in low-luminous ones.
An alternative way to determine the influence of secular evolution in the growing of bulges is to compare similar spiral galaxies (in terms of luminosity, morphology and inclination) with and without bars. Bars are expected to play an important role in the secular evolution of disk galaxies and they are obvious candidates to produce secular evolution and create a bulge secularly in disk galaxies. The bar gravity torques make the gas lose angular momentum which, in turn, provokes an inflow of gas towards the central parts (e.g. Pfenniger & Norman 1990; Combes et al. 1990; Friedli & Benz 1995) . Star formation might be triggered and, possibly, the formation of a stellar bulge. One obvious way to study the efficiency of this process is to compare the star formation history of bulges in galaxies with and without bars. These type of studies have to be done in face-on galaxies where it is easy to morphologically identify the bar. There have been only a handful of studies characterising the bulges from samples of face-on galaxies. 39 galaxies were analysed by Moorthy & Holtzman (2006) . From these, 19 have low inclination, and eleven are barred. They found that bars have smaller Hβ (indicating older luminosity-weighted ages) that unbarred galaxies at a fixed central velocity dispersion and maximum rotational velocity. They also analysed the distribution of the stellar populations with radius, finding that, when positive age gradients exists, they were always found in barred galaxies. On the contrary, studies focused only on edge-on galaxies attempting to classify bars such as Jablonka et al. (2007) do not find any difference between the indices in barred and unbarred galaxies, neither in the central values nor in the gradients.
We have started a project to characterise the stellar properties of barred galaxies to understand the influence of bars in the evolution of the different galaxy components and to study their formation. In Pérez, Sánchez-Blázquez & Zurita (2007) and Pérez, Sánchez-Blázquez & Zurita (2009, hereafter, Paper I) , we presented a detailed analysis of the stellar population parameters along the bar of a sample of 20 galaxies. From the results obtained (kinematics and SSP derived stellar population parameters along the bar) we determined that the bulge kinematics is closely linked to the presence of a bar. Some studies, however, have not found any correlation between the presence of a bar and the bulge properties, probably due to an inclination bias because studies of more inclined objects will avoid the contribution of the inner disc-like components. To conclude whether bars have a strong influence in the properties of bulges, a systematic comparison of bulges of barred and unbarred galaxies needs to be done, using galaxies with similar inclination, morphological type and central velocity dispersion. We present, in this paper, the study of the stellar population properties of the central regions of the 20 barred galaxies analysed in Paper I. For an analysis of the differences between the bulges of barred and unbarred galaxies our sample would need to be complemented with a similar sample of galaxies without bars. So, in addition to the bulges of barred galaxies, we present, in this paper, a comparison with Moorthy et al. (2006) data from a sample of both, barred and unbarred galaxies, being the only sample available in the literature with similar characteristics to our data; namely, spectral coverage and resolution, morphological type and inclination values. The data have been re-analysed in the same way as for our sample. This is the first time that such study is done for a large sample of barred galaxies, with a total of 31 barred galaxies combining both samples. Due to the low number of unbarred galaxies compared to the barred galaxies in the total sample, we will extend the sample in the future to include a larger number of unbarred galaxies and to cover a wider range in morphological types.
In Secs. 2, 3 and 4 we give a brief introduction to the sample selection, observations and, data reduction and line-strength measurements. A more detailed explanation of these sections is given in Paper I. An analysis of the central line-strength indices and a comparison between barred and unbarred galaxies is given in Sect. 5.1. The line-strength index distributions in the bulge region are presented in Sect. 5.3. The single stellar population equivalent parameters are discussed in Section 6. The age and metallicity gradients are presented in Section 6.1, while a comparison between the stellar parameters in the bulge and bar region is given in Sect. 6.2. The conclusions and discussion are presented in Sect. 7.
Sample characterisation
We have selected barred galaxies from the Third Reference Catalogue of bright galaxies (RC3) (de Vaucouleurs 1948) with the following criteria; to be classified as barred, with inclinations between 10
• and 70
• , and nearby (cz ≤ 4000 kms −1 ). The sample is biased towards early-type barred galaxies, which have higher surface brightness. This morphological criteria was set to ensure that we could obtain data with enough signal-to-noise in the bar region (see Paper I). In the future, we plan to enlarge the sample towards later types to analyse the trends with morphological type. Half of our galaxies have nuclear activity to analyse possible trends between the nuclear activity, the bar characteristic of the bar and the bulge. Furthermore, eight of the galaxies present nuclear bars. Our final sample comprises 20 galaxies. For commodity, we reproduce here the Table (Table 1) , already shown in Paper I, with the main characteristics of the sample as taken from the Hyperleda catalogue (Paturel et al. 2003) 1 . The bar strength shown in Table 1 2 has been taken from the literature, where strength is defined as the torque of a bar embedded in its disk (Combes & Sanders 1981) , see Table 1 for the references for the individual galaxies. The nuclear types have been obtained from Verón-Cetty & Véron (2006) . The sample shows a wide distribution of maximum rotational velocities (80 -260 kms −1 ). As a working definition, we use a bulge size based on the kinematic and the line profile information. We consider the end of the bulge region the radius at which the σ starts decreasing after a plateau or dip. In Paper I, we noticed that it also coincides with a change in the slope of the line-strength profiles for all the indices. After analysing broad band images, as in Paper I, and also the HST images published in the literature (e.g. Comerón et al. 2010) , we have also seen that this region coincides with changes in the morphology. Therefore, the bulge end defined using the kinematics is almost always coincident with the end of the nuclear structure; nuclear ring, double bar, inner spiral, etc; found in the broad-band images. Table 2 shows the approximate bulge and bar sizes, the latter given by the minimum ellipticity in the bar region (see Paper I for a further explanation). In Table 2 we give the central structure and bar semi-major axis size values only for those galaxies for which we have good broad-band imaging, see Paper I for a more detailed explanation. In the same paper, we present the line-of-sight position diagrams and velocity dispersion for the galaxies (figure 8). From a close examination of the stellar kinematics in the bulge region we showed that all the galaxies in the sample have disk-like structures in their centres.
Due to the presence of these disk-like structures in our galaxies, we have used, in this work, a maximum velocity dispersion instead of a central velocity dispersion. This velocity dispersion is defined as the maximum velocity dispersion in the bulge region. We have chosen this dispersion value to avoid being dominated in some galaxies by the low central velocity dispersion that could be indicative of nuclear star formation (e.g nuclear disk). Therefore, the maximum velocity dispersion should be closer to the velocity dispersion of the bulge.
Observations and reduction
We obtained long-slit spectra along the bar major-axis for our sample of 20 barred galaxies. The bar position angles were derived using the Digital Sky Survey (DSS) images. The observations were performed in two different runs, with the Double Beam Spectrograph at Siding Spring Observatory (Australia) and with the IDS spectrograph at the Isaac Newton Telescope (La Palma, Spain), respectively. The observations were described in detail in Paper I. To summarise, in the first run, spectra for 6 galaxies were obtained, covering a wavelength range from 3892-5815Å and a spectral resolution of FHWM∼2.2Å. In the second run, spectra for 14 galaxies were obtained, covering a wavelength range of 3020-6665Å and a spectral resolution of ∼3Å (FWHM).
The reduction of the two runs was carried out with the package REDUCEME (Cardiel 1999) . Standard data reduction procedures (flat-fielding, cosmic ray removal, wavelength calibration, sky subtraction and fluxing) were performed. Error images were created at the beginning of the reduction and were processed in parallel with the science images. For details about the reduction steps see Paper I.
In order to derive the index spatial distribution for the fully reduced galaxy frames, a final frame was created by extracting spectra along the slit, binning in the spatial direction to guarantee a minimum signal-to-noise ratio of 20 per Å in the spectral region of Mgb. This minimum S/N ensures errors lower than 15% in most of the Lick/IDS indices (Cardiel et al. 1998) . A careful emission-line removal was performed with GANDALF (Sarzi et al. 2006) . The details of the procedure can be found in Paper I. This emission-line removal procedure fits simultaneously, the stellar and the emission line spectra, by treating the emission lines as additional Gaussian templates and iteratively searching for the best radial velocity and velocity dispersion. When the nebular emission-line profiles are clearly asymmetric (i.e in the nuclei of active galaxies) and cannot be fitted by a single Gaussian, double Gaussians are use to fit the emission lines.
Line-strength indices
Lick/IDS line-strength indices using the definition in Trager et al. (1998) were measured in all the binned spectra, cleaned of emission, along the radius. The errors were calculated from the uncertainties caused by photon noise, wavelength calibration and flux calibration. Line-strength indices depend on the broadening of the lines caused by instrumental resolution and by the internal motion of the stars. Before measuring the indices, we broadened our spectra to the Lick/IDS wavelength dependent resolution following the prescriptions of Worthey & Ottaviani (1997) . Afterwards, we applied a correction due to the velocity dispersion of the galaxies using, for each spectrum, the template obtained in the derivation of the velocity dispersion, as described in Paper I. Offsets to transform into the Lick/IDS spectrophotometric system using stars in common with this library were derived (see Paper I). However, we only apply the offset to the indices when comparing with the Thomas et al. (2003) models based on the Lick/IDS fitting functions. To study the central and global properties of the bulges, we have also extracted the spectra in 3 different apertures by averaging line-strength indices inside 1.2, 3.6 and 10 arcsec and a fourth one averaging the indices inside the whole bulge, using the sizes given in Table 2 . The process is different from adding the spectra inside those apertures and measure the indices afterwards. We decided to proceed in this way, first, to be able to compare with other authors when only line-strength indices were available but not the whole image and, secondly, to magnify the differences in the external parts of the bulges, which normally do not have much weight when a normal extraction, necessarily weighted with the light, is performed. The error is calculated as the standard error of the mean which is the standard deviation of the sampling distribution of the mean.
Results
In order to analyse the influence of bars in building bulges, in this section we compare the line-strength indices in the bulge of barred and unbarred galaxies. We also analyse the spatial distribution of the indices, as differences may be expected due to the differences in the gas dissipation processes and star formation events in bulges built via mergers and via secular evolution. We also compare our line-strength indices to stellar population 
Comparison of the central line-strengths of bulges of barred and unbarred galaxies
We have mainly compared throughout the paper our results with those obtained by Moorthy et al. (2006) since the galaxy morphologies are similar in both samples. We selected those galaxies, with b/a between 0.70 and 1.00, and early type galaxies with inclinations from the literature between 10
• , for which no b/a was given in Morthy et al. (2006) . NGC 2787 and NGC 3945 inclinations from Erwin and Sparke (2003) and the inclination of NGC 3384 from Busarello et al. (1996) . This selection matches our inclination criteria. Their low-inclination sample contains 19 galaxies, eleven of which are barred. Using these data we can also test, not only the consistency of the results, but also we can search for differences between the barred and the un-barred sample. B. Moorthy kindly provided us all the index values along the radius for their sample. This made possible to extract the indices measured in exactly the same way; same resolution (they broadened their spectra to the Lick/IDS resolution as ourselves), and same apertures as in our own data. We subtract the offsets they applied to transform their indices to Lick/IDS system. Because their study, as ours, measured the indices in flux-calibrated spectra at the Lick/IDS resolution, there should not be additional offsets between their and our linestrengths values. ). There is a tendency in the metallicity sensitive indices for the barred galaxies to be larger than those derived for unbarred galaxies while the opposite is observed for the Balmer indices. We have performed a significance test (3 σ) on the index distributions with σ. For some of the indices, namely, the Balmer indices, Fe4383 and Mgb there is a statistically significant difference between the bulges of barred and unbarred galaxies at all apertures while for the other indices the difference is not statistically significant. In Sec 6 we compare the line-strength with stellar population models to transform the differences in differences in stellar population parameters (name it, age, metallicity ([Z/H]) and relative abundance of α-elements ([E/Fe]).
We have not seen that the AGN presence affects the calculated line-strength values after comparing the values for galaxies with and without an AGN nucleus.
Comparison of the central line-strengths of bulges and elliptical galaxies
Due to the proposed continuation of properties between bulges and elliptical galaxies (e.g. Kuntschner et al. 2006) , we would like to compare our results with those obtained for elliptical galaxies. Figure. 2 shows the central Mgb, Hβ, Fe5015 and Mgb/F5015 values against the σ, together with the values presented in Kuntschner et al. (2006) for a sample of ellipticals and S0's. For reference, we have also plotted the values for the latetype galaxies in Ganda et al. (2007) , which covers the same indices and spectral resolution as Kuntschner et al. (2006) data. We have also plotted the sample by Moorthy et al. (2006) studied here. There is a tight correlation between σ and Mgb. The trend of Hβ, Fe5015 indices with σ for all the galaxies is almost Fig. 1 . Distribution of three representative central averaged indices vs. σ for our galaxies and Moorthy et al galaxies; 1.2 arcsec average (top panel), averaged 3.6 arcsec (middle panel) and averaged 10.0 arcsec (bottom panel). Empty symbols represent unbarred galaxies, while filled symbols represent barred galaxies with the crosses being our galaxies and the diamonds Moorthy's sample.
flat, showing a large dispersion for galaxies with maximum velocity dispersion below 150km s −1 . The spread is also larger for the galaxies classified as barred. The central Fe5015 index of the unbarred galaxies seems to follow more closely the values of ellipticals while the Mgb follows the opposite trend, with barred galaxies showing values more similar to those of elliptical galaxies. This results in a Mgb / Fe5015 ratio where the central values of unbarred galaxies follow more closely those of ellipticals while the barred galaxies tend to lie above those values for the larger central velocity dispersion galaxies. Those galaxies showing the lower Mgb values are also the ones with lower Balmer indices.
It is interesting to notice that although Thomas & Davies (2006) found that, at fixed σ, ellipticals and the bulges of earlytype galaxies are indistinguishable, their sample did not contain any barred galaxies. However, Moorthy et al. (2006) found that for a given σ the bulges of barred and unbarred galaxies show differences similar to those found by us with a larger sample. The implications of these results will be discussed in Section 7.
Line-strength distribution gradients
The variation of the indices with radius in the bulge region was presented in Paper I. The distribution of the indices in the bulge regions is, in some of the cases, far from a linear one. The distribution of the Balmer index is generally characterised by a maximum in the bulge region, close to the bulge end. These profiles are due to the presence of central structures such as nuclear rings. Despite this non-linear distribution and in order to quantitatively characterise the gradients, we have performed a linear fit to the data in the bulge region. Tables in Appendix A.1 show the gradients resulting from the fit to the indices for each of the galaxies. Most galaxies show negative or no gradients in their metallicity sensitive indices and positive or null gradients in their Balmer indices. NGC 2273 and NGC 2665 show a small positive gradient in their metallicity sensitive indices. NGC 1832 and NGC 2217 also show this trend in their metallicity sensitive indices but it is likely due to the presence of an nuclear ring in the outer part of the bulge. In the case of a long-lasting ring we would expect an enrichment of the ring area due to a continuous star formation activity.
Previous studies of line-strength gradients in bulges (Moorthy et al. 2006; Jablonka et al. 2007; Morelli et al. 2008 ) also find that most galaxies show negative gradients in the metallicity sensitive indices. With respect to the age sensitive gradients (i.e. Balmer indices), Moorthy et al. find that in the cases that a positive age gradient is present it is always in a barred galaxy. In our case, where only barred galaxies are analised, we find galaxies with a variety of index distribution with negative, positive or null Balmer indices gradients. The galaxies which show a negative gradient seems to be associated to the presence of a nuclear ring.
Ages and metallicities
In order to transform our measured indices into single stellar population equivalent parameters, we use two different set of models. The first one, from Vazdekis et al. (2010) 3 , is built using the MILES library (Cenarro et al. 2007; Sánchez-Blázquez et al. 2006) . The second set of models we use is that of Thomas, Maraston & Bender (2003) which are based on the Lick/IDS fitting functions (Gorgas et al. 1993; Worthey 1994) . These two set of models use different isochrones and stellar libraries and 6 I. Pérez and P. Sánchez-Blázquez: Study of stellar populations in the bulges of barred galaxies Fig. 3 . Central index vs. central Mgb From top to bottom and from left to right; CN1, CN2, Ca4227, G4300, Fe4383, Ca4455, Fe4531, C4668, Hβ, Fe5015,H δ , H γ , Mg1, Mg2, Fe5270, Fe5335. Over-plotted are the models by Vazdekis et al. (2010) for a range of ages (0.5 to 18 Gyr) and metallicities (-1.68 to 0.0) the comparison between the results obtained with them can be used as an estimation of the errors affecting the predictions. The details about the uncertainties are carefully discussed in Paper I. It is clear that the true star formation history in these objects will be more complicated than a simple SSP. However, very useful information can still be retrieved from the SSP analysis if they are properly interpreted. Roughly, the SSP-equivalent age of a composite stellar population (CSP) is dominated primarily by the age of the youngest component and the mass fraction of the different populations. The SSP-equivalent metallicity is very similar to a V − band luminosity weighted chemical composition (Serra &Trager 2007) . Fig. 3 shows the central line indices vs. the central Mgb, with the Vazdekis et al. (2010) models overplotted. The plot shows a tight correlation among the different indices for the central region and very good agreement with the models except for some well-known exceptions. In particular, some galaxies show values of CN, Mgb, G4300 and C4668 that are larger than the models while this is not true for the Fe-sensitive indices. This can be reflecting and overabundance of Mg/Fe and probably C/Fe and N/Fe with respect to the solar neighbourhood, as suggested by many authors (e.g. Worthey 1998; Tantalo et al 1998; Trager et al. 2000; Sánchez-Blázquez et al. 2003; Graves & Schiavon 2008) . Similarly to Paper I, to obtain stellar population parameters we use 4 indices, namely; HδA, HγA, Fe4383 and Mgb and follow a multi-index approach as described in Proctor & Samson (2002) , a detailed explanation of the error calculation is given in Paper I.
The SSP-equivalent age and metallicity distributions along the radius are shown in Fig. 4 . As well as for our data, we have also derived the ages and metallicities in the way explained in Fig. 4 . SSP-equivalent age and metallicity along the radius. Dashed lines indicate the end of the bulge and the bar region respectively. A linear fit to the bulge region is also plotted.
Paper I for the data published by Moorthy et al. (2006) . From  Fig. 5 it can be seen that the metallicity and ages in both barred and unbarred galaxies seem to cover the same range of values, but barred galaxies tend to have higher metallicities than unbarred galaxies at a given σ. No clear difference is found for the central ages. The [E/Fe] values for unbarred galaxies tend to lie below the values of barred galaxies at a given σ. When we open the aperture, to include the whole bulge, the trends become clearer, with the metallicities of the unbarred galaxies lying below those of the barred galaxies at a given σ. Also the [E/Fe] is still remains lower for the unbarred galaxies when the aperture is as large as the whole bulge region. Similar results are found when comparing with elliptical galaxies (see Fig. 2 and Sect. 5.1) although in that case, we have just compared the Mgb / Fe5015 ratio. However, these trends are week, and a significance test applied on the stellar parameters does not reveal any statistically significant difference. Although the low number of unbarred galaxies might be driving the significance test. At this point, due to the large dispersion of the values, and the lack of statistical significance, this apparent trend on the [E/Fe] values should be confirmed in the future with a larger set of data. The results on the bulge metallicity confirm the bulge spectral indices trends (see Sect. 5.1) where we found that the metallicity sensitive indices of barred galaxies are larger than those of unbarred galaxies.
Age and metallicity gradients
Linear fits have been performed on the derived ages, metallicities and [E/Fe] values vs. radius (see Table 3 ). Figure 4 shows the radial distribution of ages and metallicities for all the galaxies. Fig. 6 shows that, on average, galaxies with lower σ tend to have negative age gradients while larger central velocity dispersion galaxies show positive age gradients. The relation between [Z/H] gradient and the central velocity dispersion is shown in Fig. 6 . Most galaxies show a negative [Z/H] gradient. The mean metallicity gradient is -0.19 ± 0.07 dex for the barred galaxies and -0.3± 0.1 for the non-barred ones (notice that these gradi- ents are calculated using log scale for the radius to be able to compare with the literature, while the gradients given in Table 3 and The differences between the metallicity gradient of barred and non-barred galaxies are not statistically significant. We also do not find a correlation between the metallicity gradient of barred galaxies and the central velocity dispersion. In early-type galaxies, a possible correlation between the metallicity gradient and the mass for elliptical galaxies with central sigma ≤150-175 km/s has been claimed Spolaor et al. 2009; Kuntschner et al. 2010 ). Other studies, for both, early-type galaxies (Ogando et al. 2005 ) and bulges (Jablonka et al. 2007 ) found a lower boundary instead of a correlation in the sense that massive galaxies do not show strong gradients but less massive galaxies show a larger scatter. In our sample we do not observe neither a correlation or a lower boundary and, after comparison with the data from Jablonka et al. 2007 , our gradients are distributed similarly to their gradients and therefore, there is no systematic effect affecting our results. Very high S/N data might help to answer whether there is a real correlation between metallicity gradients and velocity dispersion. [E/Fe] gradients are shown in Fig 6. The [E/Fe] gradients are very small, almost compatible with being null, although they take both positive and negative values. Bulges with low velocity dispersion (σ < 100km s −1 ) tend to have systematically positive values, while the same is not true for more massive bulges. In any case, the values of the gradients are, as said above, very small. This is compatible with what is found in elliptical galaxies, where also the [E/Fe] is found to be compatible with zero in most cases (e.g., Mehlert et al. 2003; Sanchez-Blazquez et al. 2006 and in other studies of bulges (e.g., Jablonka et al. 2007; MacArthur et al. 2009 ). For comparison, we have also derived, in a similar way, age, metallicity and [E/Fe] gradients for Moorthy's sample. The values of the barred galaxies in this sample coincide with those of our galaxies and we do not find difference between the values of barred and unbarred galaxies. The interpretation of the gradients is complicated as their value may change due to many different physical processes and also because substruc- tures inside the galaxy, as rings, disks, etc, which are common in our sample, change the value of the slope which is intrinsic to the spheroid.
Comparison between the SSP stellar parameters in the bulge and the bar region
It is interesting to relate the bulge mean age and metallicity gradients to the gradients and mean values in the bar region because in Paper I, we found seven galaxies with metallicity gradients in the bar region significantly (more than 3-σ significance) different from zero: NGC 1169, NGC 2217, NGC 4394, and NGC 5101 (positive) NGC 2665, NGC 2681, NGC 4245 (negative), we excluded from this analysis NGC 1530, NGC 3081, NGC 4314 and NGC 2935 due to the large fitting errors in the bar region. In Fig. 7 we can see the relation between the mean metallicities in the bulge and the bar region. It is striking the good correlation between the metallicities in both the bar and the bulge. This results points to a bulge enrichment linked to that of the bar.
Although the mean values of both bars and bulges are correlated, the bulge gradients do not show any correlation with the bar gradients, being the bulge gradients more indicative of the presence of morphological substructures in the bulge.
Summary and discussion
Following the results from Pérez et al. (2009) for the stellar linestrength indices and the ages and metallicities distribution along the bars of a sample of 20 galaxies, we have carried out a detailed study of the populations of the central regions of those galaxies. We have compared the results with the bulge properties of a similar sample of unbarred galaxies (Moorthy et al. 2006) , deriving the SSP equivalent stellar parameters in the same way as for our sample. We have found differences in the bulge stellar population properties between barred and unbarred galaxies. We find that some of the metallicity sensitive indices of the bulges of barred galaxies lie above those of unbarred galaxies and the Balmer indices tend to follow the opposite trend, as was already hinted by Moorthy et al. (2006) . It is interesting to note that although one could say that there is a good correlation between line-strength indices and σ, it would be a better description of the index distribution with σ to say that there is a almost constant value of the indices with σ plus a tail in the distribution for the smaller σ galaxies (below ≈150km s −1 ). Most galaxies show negative gradients for metal-sensitive indices while the opposite is true for Balmer line indices, although NGC 1832 and NGC 2665 show clearly the opposite trend. The index distributions are closely linked to morphological substructures in the bulge region such as nuclear rings.
We have derived the ages, metallicities and [E/Fe] values using two different set of models. The central parts of barred galaxies tend to be more metal rich than the unbarred counterparts. Interestingly, [E/Fe] seems to be enhanced for the barred galaxies over the unbarred central regions. Although, due perhaps to the low number of unbarred galaxies in the sample, these trends are not statistically significant and would need to be followed up with a larger sample of unbarred galaxies. The age gradients follow the index trend with σ, most galaxies show no gradient or slightly positive gradient; however, the distribution of gradients for galaxies with σ below ≈ 150km s −1 shows a larger dispersion. The same behaviour is found for the metallicity trends, with most values being negative, with grad[Fe/H] around -0.05, the only outliers are found in galaxies with σ below 150km s −1
. Galaxies with σ above 150km s −1 show a null [E/Fe] gradient while galaxies with central velocity dispersion below this value show a positive [E/Fe] gradient. We have calculated the gradients also in Moorthy's data. There is a very good agreement in the values of both samples and we do not find any difference between barred and unbarred galaxies. The interpretation of the gradients is difficult as there are too many processes that can modify their shape. Furthermore, the presence of substructures, as disks or rings, which are very common in our sample, makes very difficult to measure the real gradient of the spheroid.
The fact that barred galaxies show a similar age and a lower [E/Fe] is, in principle, a puzzling result. In a classical scenario of secular building of the bulge, the star formation extends for much longer timescales than in a merger built scenario, where star formation happens very efficiently and in short period of times. On the contrary, we are finding (in agreement with Moorthy et al. 2006) , completely the opposite result. One possible bias to this study is that our sample contains, mostly, early-type spirals. We showed, in Paper I, that the bars in these galaxies are old and have high values of E/Fe (see also Gadotti & de Souza 2006) . The epoch of formation of these bars is probably associated with the epoch of formation of the bulge, which would be compatible with the strong correlation we find in the stellar parameters of both components. Some proposed mechanisms to form bars are, e.g., mergers and interactions. These processes can create both, the bar and the bulge, in particular in those galaxies with early type morphologies (see, e.g., Walker et al. 1996; Berentzen et al. 2004; Peirani et al. 2009 ). In this scenario, it could well happen that this mechanism created both, the bar and the bulge, in some galaxies, in particular those with early-type morphologies. During the formation of the bulge, the star formation could have been enhanced by the presence of this bar, increasing the metallicity and the [E/Fe] values of the bulge with respect to those bulges lacking this structure (e.g. Pérez & Freeman 2006) . Later accretion of gas can then be funneled towards the center forming nuclear discs and rings (Emsellem et al. 2001; Wozniak et al. 2003 , Wozniak & Champavert 2006 ), producing substructures with low level of star formation, i.e. slightly younger (showing a lower SSPequivalent age in our data), but that would not contain enough .e empty symbols representing unbarred galaxies, while filled symbols represent barred galaxies with the crosses being our galaxies and the diamonds represent Moorthy's galaxies for which a reliable gradient could be obtained.
stars to produce a change in the SSP-equivalent metallicities and [E/Fe] as the metallicity and [E/Fe] values reflect more the values of the dominant (in mass) stellar population (see Serra & Trager 2007) , while the SSP-equivalent age are very bias towards the youngest components. In order to test this hypothesis, further work and analysis would be needed to derive star formation histories. If this hypothesis is confirmed, it would imply that bars are old and long lasting features and that bar formation is, at least for this early type barred galaxies, closely linked to the formation of the bulge. Due to the large dispersion in the values for some of the trends found in this study, in order to confirm them, we will need in a future work to extend the unbarred galaxy sample and the morphological range covered by it. Fig. 2 . Central 1.2 arcsec indices for a reference sample of late spirals, Ganda et al. (2007) , open circles; a sample of ellipticals from Kuntschner et al. (2006) , stars; unbarred galaxies used in this work from Moorthy et al. (2006) , open diamonds; barred galaxies used in this work from Moorthy et al. (2006) , filled diamonds, and the filled circles represent the values from our sample of barred galaxies. 
